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STATIC VAR GENERATION FOR TRANSMISSION
LINE COMPENSATION OF SUBSYNCHRONMNOUS
RESONANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s related to application Ser. No.
300,842, filed Sept. 10, 1981.

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This invention relates generally to means utilized for
reducing subsynchronous resonance in synchronous
machines and more particularly is related to means for
reducing subsynchronous resonance in synchronous
machines for AC power system stability.

2. Description of the Prior Art:

In the analysis of power systems stability, it is well
known that a synchronous machine connected to an
infinite bus will oscillate or “hunt’’ under certain circuit
conditions. In turbine driven generators, periodic varia-
tions in the torque applied to the generators caused
periodic variations in speed or rotor oscillations. This
results in periodic variations in voltage and frequency
which are transmitted to the electrical power generat-
ing system. These mechanical periodic variations in
torque, wps, (mechanical resonance frequency), cause
modulation of the generator voltage which resulis in
small side band components of the electrical system
nominal electrical frequency, ws. It has been found that
when a synchronous machine supplies power to a long
transmission line to which series capacitors are con-
nected for voltage regulation, the resultant line reac-
tance may have a resonant frequency that may match
the mechanical resonance frequency, wpys that greatly
amplifies the rotor oscillations (mechanical resonance
frequency wpy) referred to as negative damping. In this
case, the lower, or subsynchronous side band compo-
nent may cause an extremely high current to flow in the
electrical system. This high current may feed back mag-
netically through the air gap of the generator so as to
excite further the oscillation of the rotating mechanical
apparatus and may cause considerable physical damage
such as shaft breakage in the generator.

Although various methods have been proposed for
stabilizing an electrical generating system, one of partic-
ular interest is the U.S. patent application Ser. No.
048,934, filed June 15, 1979, now U.S. Pat. No.
4,302,715, entitled “Dynamic Parallel Inductive Stabi-
lizer For Synchronous Machines Having Torsional
Oscillattons’ and assigned to the assignee of the present
application. In this application, a delta-connected, thy-
ristor-controlled, three-phase reactor bank 1s employed.
The current in: the reactor bank 1s modulated according
to the torsional osciilation of the rotating mechanical
system using the usual technigue of thvyristor conduc-
tion angle control. The modulating signal used to con-
troi the thyristors 1s derived by measuring the velocity
variation of the generator shaft, using some mechani-
cally coupled device, such as a tooth-wheel pick-up.

SUMMARY OF THE INVENTION

There 1s provided by this invention a static VAR
generator means that provides the capability to damp
subsynchronous resonance shouid 1t occur. A aovel
means for conirolling subsynchronous resonance 1s
provided by monitoring the frequency of the electrical
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generation system and controlling subsynchronous res-
onance in response to disturbances caused by changes in
load, switching, pulsating driving torque, self-excita-
tion, or other disturbances that may result in voltage
and frequency pulsations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic system arrangement for a static
VAR generator used for damping of subsynchronous
resonance;

FIG. 2 15 a block diagram of the control arrangement
for subsynchronous resonance damping;

F1GS. 3a-3d are waveforms illustrating the operation
of the proposed controls shown in FIG. 2 at frequencies
lower than the nominal frequency;

F1(S. 4a-4d are waveforms illustrating the operation
of the proposed controls shown in FIG. 2 at frequencies
higher than the nominal frequency;

- F1G. 5 15 a typical single phase schematic diagram of
the zero crossing pulse generator for a three phase sys-
tem;

FIG. 6 shows a typical single phase schematic dia-
gram typical of the hall period reference generators for
a three phase system; and

FIG. 7 shows typical single phase schematic block
diagram for the error pulse generator and integrator for
a three phase system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the arrangement of the VAK
generator scheme is shown. The electrical system corm-
prises a turbine driven AC generator 10 feeding a trans-
mission line via a step-up transformer 11. The receiving
end of the transmission iine is terminated by an infinite
bus that represents the remaining part of the power
system. The inductance of the transmission line is par-
tially compensated by a series connected capacitor CT.
At an intermediate terminal of the transmission line, a
static VAR generator consisting of a three-phase thyris-
tor-conirolled reactor, L, is connected via a step-down
transtformer 12. The cuirent in the reactor, L, 1s con-

trolled by delaying the firing pulse with respect to the

time reference at which the applied AC voltage is maxi-
mum. The appropriaie delay of the firing pulses, in
response to an analog conirol signal is provided by the
firing pulse generator 13. Possible realization of the
firing pulse generator is described m U.S. Pat. No.
3,999,117, entitled “Method and Apparatus for Static
VAR Generator and Compensator”. The control sig-
nals that inihate the firitng of the pulse generator 13 are
derived by positive and negative half-period measuring
circuits 14 and gencrators 13. An error pulse generator
16 develops an errov signal from the two half penocd
measuring circuits. An error iategrator 17 develops a
voltage signal proportional to the frequency of the AC
network and initiates firing of the pulse generator 13
from a quiescent valre deterimined by the bias signal
supply 18. |
The basic idea ot tne control arrangement to damp
subsynchronous resonance is to measure the half cycle
period times of each of the three terminal voltages and
compare these to a reference half cycle pertod corre-
sponding to the unmodulated 60 Hz. terminal voltage.
Referring to FIGS. 2, 3, and 4, there 1s shown at the
zero crossings of the termmal voltage, Vab, Vbce, Vca,
pulses Prpgn (postilve golng zero crossing} and,
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Prnes) (negative-zero crossings) and, Prppes and
Prnee) and Prpeq) and, Praeq), respectively, produced
by zero crossing pulse generator 19. Each zero crossing
pulse initiates the generation of the reference half peri-
ods, TP(p) and TNgp), TP and TNpe), TP(cq) and
TN(cq), €ach of which is derived from a precision high-
frequency clock pulse generator 20 shown in FIG. 2.
The half period reference generator produce pulses
R7N@b) and Pragb), Rrppe) and Rrnee), Rrpeq) and
R7N(ca). The time difference between the reference half
periods and the actual ones marked by the pulses
R1P(ab) PTN(ab) and RTnes) Pre@s), Rrpepe Prvee and
R7Ne) PTPbc)s RTP(ca) PTN(ea) and R7N(ca) PTP(ca) is the
time error representing the variation of the steady state
period time. This time difference or time error for a
three terminal voltage is represented by pulses Egp, Eg,
and E.; of constant magnitude and a polarity that indi-
cates whether the actual half period time is longer, that
is the generator frequency is lower (positive polarity) or
shorter, that 1s, the generator frequency 1s higher (nega-
tive polarity), than the reference half period as illus-
trated in FIGS. 3 and 4. By integrating these error
pulses, a voltage proportional to the frequency (and
rotor velocity) change 1s obtained. As illustrated in
FIG. 1, this voltage can be used to modulate the firing
delay of the thyristor from a quiescent value (deter-
mined by the output voltage level of the bias signal
supply) and thereby insert effective inductance to damp
- subsynchronous resonance.

The operation of the proposed control scheme is
further explained by the more detailed functional dia-
grams in operating waveforms shown in FIGS. §, 6, and
7. FIG. § illustrates for phase AB the derivation of the
pulses Prpap) and Pringp) at the positive-going and,
respectively the negative-going zero crossings of the
terminal voltage Vab utilizing comparator 30 as shown.

FIG. 6 illustrates the derivation of the reference half
period, TP(gp), and the corresponding pulse, R7peb),
using the high frequency clock pulse generator 20 and a
gated counter 21. The gate of the counter 21 1s opened
by the zero crossing pulse P7pap) and pulses of the high
frequency clock pulse generator 20, appearing at pre-
cisely defined time intervals (for example, at every
1/12,000 interval of the half-period corresponding to 60
Hz.), are counted. When the count reaches the number
corresponding to the reference half period (in the exam-
ple used, 12,000), the last pulse closes the gate, and the
counter stops until the next Prpp) pulse restarts the
process again. |

FIG. 7 illustrates a possible logic arrangement to
derive the polarized error pulses representing the time
difference between the reference half period and the
measured one. The derivation of the error integral i1s
also shown. The error integral is provided as an analog
voltage signal, whose magnitude and polarity follows
precisely the frequency variation of the terminal volt-
age. The high frequency clock pulse generator 20 can
be a precision crystal oscillator resonating at some mul-
tiple of the 60 Hz. generator frequency (for example, at
2% 12,000 x60=1.44 MHz). Because of the different
steady-state accuracy between a frequency regulator of
the generator and the crystal oscillator, a constant
steady-state error may develop. To prevent the integra-
tor from responding to slow or responding to steady-
state (dc) error, its dc gain has to be reduced. This can
be accomplished, for example, by the simple T-network
consisting of a capacitor and two resistors, connected
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across the integrator’s capacitors, as illustrated in FIG.
7. The high frequency clock pulse generator 20 can also
be realized by a phase-locked loop incorporating a high
frequency voltage control oscillator. Making the re-
sponse of the phase-locked loop rather slow, the fre-
quency of the voltage control oscillator will correspond
to the main frequency of the generator voltage and will
not follow the subsynchronism modulation caused by
the torsional oscillation. Since the frequency of the |
voltage control oscillator in the phase-lock loop repre-
sent the exact multiple of the steady-state generator
frequency, the previously described dc gain reduction
for the error integrator is not necessary.

From the foregoing, it is readily seen that there is
described a means to damp subsynchronous resonance
without directly measuring the shaft velocity change of
the generator. A novel method is devised to measure,
with a negligible time delay, the frequency variation of
the terminal voltage, and to generate a corresponding
signal to modulate the conduction angles of the thy-
ristor in the VAR generator. .

Although there have been illustrated and described a
specific embodiment, 1t 1s clearly understood that the
same were merely for purposes of illustration and that
changes and modifications may be readily made therein
by those skilled in the art without departing from the
spirit and scope of this invention.

I claim:

1. A static VAR generator and network stabilizer
comprising:

(a) a reactance means disposed for connection into an

AC network;

(b) a frequency monitoring means for measuring the
period of the network voltage and comparing it to
the period of a reference voltage cycle to detect
subsynchronous resonance in said AC network;

(c) a control means connected to said reactance
means and said frequency monitoring means for
connection of said reactance means into said AC
network to damp subsynchronous resonance in said
AC network.

2. A static VAR generator and network stabilizer as
recited in claim 1 wherein said frequency monitoring
means is further comprised of: |

(a) a network voltage frequency pulse generator dis-
posed to generate pulses representing the period of
the network voltage cycle;

(b) a high frequency reference clock pulse generator
disposed to generate pulses representing the period
of an unmodulated reference terminal voltage for
comparison with the AC network voltage;

(c) an error pulse generator responsive to deviations
in the signals of the network voltage frequency
pulse generator and the signals of the high fre-
quency reference clock pulse generatir;

(d) an error pulse integrator responsive to the output
of the error pulse generator disposed to produce a
voltage proportional to the deviations of frequency
between the network voltage frequency pulse gen-
erator and the high frequency reference clock
pulse generator representing subsynchronous reso-
nance; and

(e) a firing pulse generator responsive to said error
pulse integrator to modulate firing delays of thy-
ristors disposed to insert said reactance means to

dampen said subsynchronous resonance.
I . T
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